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Reeomblnant Human Mannan-Binding Lectin 

The Invention relates to a process for preparing a composition comprisfng MBL and 
treatment of diseases and disorders of the Immune system comprising treatmem of 
deficiencies within the immune defence system. In more particular, the Invention 
^.ncerns treatmem of conditions or latent conditions of deficiencies of Mannan- 
B.nd.ng Lectin (MBL) which is associated with Increased susceptibility to Infections 
The .nvention further concerns preparation of a novel expression construct encoding 
human MBL. a novel recombinant preparation of human MBL and furthemiore it 
compnses use of this compound In methods for treatment of conditions such as 
those related to Immunosuppressive chemotherapy and/or conditions of MBL defl- 
oianoias Including latent conditions. I.e. not In a present need. The treatment are 
aimed ai humans and at animate. In which the Immune system appears to act simi- 
larly to the human immune system. 



BACKGROUND OF THE INVENTION 

The immune system comprises a complex array of cellular and molecular mecha- 
n.sms Which recognises and targets pathogenic microorganism or the cells infected 
with them. Recently. MBL has gained great Interest as an Important part of the in- 
nate immune system, that is, the Immune system which at time of btnh Is opera- 
tional, in contrast to the adaptive Immune defence whioh only during Infancy obtains 
.ts ful. power of protecting the body {Janeway et a/.. 1999). Upon binding of carbo- 
hydrates of microbial surfaces. MBL mediates activation of the complement cas- 
cade, a series of enzymatic activation steps, which eventually label the target for 
destruction by phagocytosis or by lysis of the microorganism (Law & Reid 1995) 
The complement system Is being activated through at least three distinct pathways 
desrgnated the classical pathway, the alternative pathway, and the MBLectln patn- 
way (Janeway ef a/.. 1999). The classical pathway Is Initiated when complement 
factor 1 (CI) recognises surface-bound Immunoglobulin. The 01 complex is com- 
posed Of two proteolytic enzymes, Cir and Cis. and a non-enzymaite part. ciq 
which contains immunoglobulln-reoognlslng domains. Ciq and MBL shares stm'c 
tural features, both molecules having a bouquet-like appearance wh n visualised by 
electron microscopy. Also, like Ciq, MBL Is found In complex with two proteolytic 
enzymes, the mannan-binding lectin associated proteases (MASP). The three path- 
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ways all generate a convertase of complement factor 3 (C3 convertase) bound to 
the surface of the activating surface, I.e., the targeted microbial pathogen. Conver- 
sion of C3 into surface bound C3b is pivotal In the proceee of eliminating the micro- 
bial pathogen tjy phagocytosis or lysis (Janeway ef a/., 1999). 

S 

Mannan-blnding lectin (I^BL). also named mannan-<bindlng protein or mannose- 
blnding protein (MBP), was first characterised in rabbits (Kawasaki eta/., 1978). 
Wlannan-binding lectin (M6L) belongs to a group of soluble Ca^^-dependent (C- 
type) lectins containing a C-tenninal carbohydrate recognition domain and a coila- 

10 gen-like region oharacterfeod by repeated triplet-motifs of glycine (Giy) followed by 
two non-glycine amino acids. Thus, MBL belongs to the group of collectine. I.e., C- 
type lectins with coiiagen-like regions, which in addition comprises the lung surfac- 
tant proteins A and 0 as well conglutinin and CL-43, these, however, only having 
been characterised in cattle (Holmskov etai, 1994). The human MBL protein is 

13 composed of up to 1 8 identical 32 kOa polypeptide chains (Lu ef a/., 1 gso). each 
comprising a short N-terminal segment of 21 amino adds including three cysteine 
residues, followed by 7 repeats of the collagenous motif Gly-X-Y Interrupted by a 
Gin residues followed by another 12 Qly-X-Y repeats. A smalt 34 residue 'neck, 
region' Joins the C-termlnai Ca2+.dependent lectin domain of 93 amino adds with 

20 the collagenous part of the molecule (Saatry et a/„ 1 989). Three MBL polypeptide 
chains are Joined In a MBL subunit. MBL consists of up to six 15 nm stalks of MBL 
eubunits Joined at the base of the bouquet. Later woric characterised MBL in rodents 
(Mizuno etai.. 1981; Oka etai., 1988), cattle (Holmskov era/;, 1993a; Kawai etai., 
1997). and chicken (Oka etai.. 1985; Laursen etai., 1995; Uureen ©fa/., 1998). In 

25 rodents (Drickamer et a/., 1 906) and rhesus monkeys (Mogues at al„ 1 996) two 
types of MBL genes have been identified, usually designated as A and G forms, in 
rats, an MBL 'B' pseudogene was found (Drickamer et ai., 1986) and recently an 
MBL pseudogene was also cloned from the human genome, sequence analysis 
suggesting this to be remnanta of a primate MBL-A gene (Guo etai., 1998). Human 

30 MBL was characterised by Kawasaki et a/, in 1 983. Only one active human MBL 

gene has been Identified, comprising four exons with three intervening introns of the 
MBL gene spanning approximately 6 kb and is located at 10q11 .2-q2i (Saatry etai., 
1989; Taylor era/., 1989), 



) 
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The collagenous regions of the three polypeptide cherne combine to form a subunit 
Which Is stabfHsed oovalently by disulphfde bridges. Individual subunite are joined by 
disuiphlds bridges as well as by non^alently Interaetfohs (Lu era/.. 1990). 

ThB position of these dlsulphlda bridges has. however, not been fully resolved. SDS- 
PAGE analysis under non-reduclng conditions of MBL shows bands with an appar- 
ent molecular weight (m.w.) larger than 200 KDa presumably representing blocks of 
a, 4. 5 and even 6 assembled subunits (Lu etal.. 1990). 

The actual number of subunits in tha natural human MBL protein has been contro- 
versial^Upsccmbe .t., 0995) nbtair,ad data by usa of ultracer^trlfugatlon suggest- 

eacln'I T"" ""^^ '° ""^ ^"^""'^ ^ fr-<=tion 

^aching tt.e size of 6 subunits. The relative quantification was carried out by densJ- 

tome^nr Of Weetern blots developed by chemiiuminesoence. Lower efficiency^ 
^nsfening high molecular weight p^teln onto membranes compared to proteins of 

L7n r r H :T "^'^'^ '''' methodology complicated. Lu at 

Taohv t^a r H ""'^'^ '"^''""^ ^^"^ -^'^-S- c^--tog- 

Tta. nM ^^'^'^ntly linked MBL subunit chains con- 

P^emcnt. Gel permeat.cn chromatography (GPC) analysis, In contrast, suggests that 
MBL ,s comparable ,n size with the C1 complex, QPC can be carried out !nder con 
Citrons Which allow for a study of the Importance of weaK protein-proteln Interactions 
.n the fom^atlon of MBL molecules and. in combination with standard MBL asC 
t^nlques. also allows for unbiased determination of the MBL content in the GPC 

The in Vivo role of MBL seems mainly to relate to the innate immune system as a 
humo,Bl factor mediating some anti-mlcrablal activity, which does not require matu- 
ration .mo self/non-self discrimination like the adaptive Immune defence system 
based on T- and B-cell reeognlUon (Janeway etal.. 1999; Vorup-Jeneen etal.. 
1 998) . The recognition of targets for MBL binding is mediated by the C-type lectin 
domain. C-type CRDs are found In proteins with a widespread occurrence, both in 
P^yiogeneiic and functional perspective. In the case of MBL. th CRO recognises 
preferentially hexcses with equatorial 3- and 4.OH groups, such as mannose and A/l 



) 



our ref: P433US0O - Applicant JensenJus. Jens Chrfetian r«A 



4 



ac^ glucoseamln while «rbohyd«l« which do not fuW <hl3 slerto,i ^qulremem 
such a» saiaotose and o-juoose, am not bo.™< (Wel, „.,„ issj,. 

The ,em,lna, CRDs am diaWbuted In ,uch . way that to allow to, bindins of all ,h„e 

mately S3 A ,ehe« ^a,.. 1994, Weis & DrtcK.™, ,,94,. Th'a p^X lem 

THe cartionydrate sdertvity is obviously an lmportar«.,p«, ^7' 
d.a=«n,lna»„ by MBU and p,„.^,y ^^d.^^ by ^ dL^2.„Tl^:ro, 

ta^O the high «Mert of manner i„ the 0.II wall of yeasta ,uch ae SB«o/,a«,Lea 
ce««b,„and OandWS a/6to». Cartx,hyd«ta stmcturas in olycosylation ^ZT 

MBL *, «,eae oIlBomeno eatohydratea and thu. prevents MBL mcognlBon of '^elf 



« TpTh """^^ °' and btosyntheals 

Of IVIBL by use Of « Wfro synmesis syste™. The etructu™ of the CRO of^BL^ 

1992) and .he ,M.cH.,e of ra, MSL-O has likewise been resolved by use of reco.;. 

^"^ '"-'••'-tf"'' -H. CRO have con. 

by hydrooen bonds between the c11ed«,ll a-hellces (Sheriff « ,994- Wels S 
Ono^0994,.TheCRO.and.necK^Ra.^^,„«,,,„„,;^^^^^ 
llkew,s. been expressed In e co/Zbased systems wHhcot the n„u™n,en, „, refold- 

ZZTl 'y^' MBL domains 

^ l^oth w,m regard ,0 th.h^onal proper*., of carbohyd„te recoBnition and .li 

eukaryotic expression systems- 

l^"I.r?H H °' ~"'"'»~™«=''nlP". have m«n,y 

»llr A^mt , °' ''"O COS cells, as hort 

cells. Attempt, to express MBL in Insect cells only resulted in low m.w. MBL (Ma et 
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1896). tt,e r=on*.Iran, p«^n, almo« .ntlrely constetlns of subunits dime,^ 
and wriMrs of wa MBL tubunlt chains. ^ 

HBcomblnan. ^nth„,. of numan MBL In mammalian oell line, havo b«n reported 

macraphagee, of MBL, Kuhlman el a/. (1989, used rMBL produced In CHO dU 
wj^n = o«ed .ne same opsonic .c«v„y, as natural MBU CharactarisaZrr; 

^9 the coluigenous Wl by aUble .ran.lec«on of CHO coNs. A«,v«y of .he ra- 
™«e«*o aa oomplemen, souroe. Surprisingly, .he acMty o, racomblnan. 

"ybrtdoma o,„s were presented indlca«ng .hat the a« dleWb«ion of ,»,BL puSfi« 
euKure aupema.an, by o=*ohyd,ate affini.y oh,oma.og«phy „aa Z^y 

H^en.^,. Ohtoni ef a/. (1998, p„t,B,had data on human rMBL produced in CMO 
cells^ Which 9aveay.a»o, «o„o p.„„,of cu.«,r.m«,um. Thl. wae J^ld 
us,ng a «,p,.ss,on ^ „^ ,„ ^ (^Ha^Jlnca 

(MSX) Functional act,«1y concemino cartahydrale «..e««ny was IdenHoai to th, 

ft^rl! ""^ in me atamy », acUvate compla„«n, was 

^nd as measured through lyals of eMhn,cy,es. Both U,. 6P0 and SOS-PAeE 
an-ys.s showed «,a presence o, hloher molecular weight ft,m« of MBL tf„»,gh the 

™fu^R '-/■'"'xylation panem was ess n«ally Identical to 

natural MBL e«n me absence of added ascort.te acid. Concerning the post- 
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translation modifications. It should be notod from this study that proper hydroxylation 
of rMBL does not warrant a structure similar to natural MBL. 

The human MBL locus Is polymorphic with three known mutations located in the 
protein encoding region (Sumlya et ai. 1991; LIpscombe etal., 1992a; 1992b- Mad- 
sen etal.. 1984) and others affecting regulatory elements of the gene (Madsen at 
a/., 1995). All mutations apparently leads to a signlflcantly lower level of MBL in 
body fluids from affected Individuals, The spread In MBL concentration as measured 
.n semm Is thus about three orders of magnitude, ranging from 2-6 MBL/mL to 
less than 1 0 ng MBUmL In individuals homozygous for the mutations affecting pro- 
tein coding regions- The finding of MBL deficiency being associated with recurrent 
infections In children which were diagnosed as suffering from an opsonic defect 
(Super ot al., 1989; Sumlya staJ.. 1981) emphasised the correlation between Insuf- 
ficient MBL levels and reduction in the defence against micro-organisms, m addition 
to the interaction with micro-organlame. oollectlns have also been suggested to me- 
diate antl-viral defence (Hartshorn ef a/.. 1993; Malhotra etel., 1994). /n ..ffm studies 
on interaction with human Immunodeficiency virus (HIV) showed MBL to Inhibit in- 
fectlon or C04 positive T and U937 cells. Clinical studies also suggest a role for 
MBL as a first-llne defence against HIV. The period of time from the onset of symp- 
toms of AIDS until the temilnal stage seem to differ between MBL-deficient patients 
and patients with nomial MBL levels. Also, the susceptibility to contract the infection 
appears to be significantly higher among MBL-deficient individuals as MBL defi- 
ciency occurs more frequently among HIV infected patients than healthy controls 
(Nielsen ef a/., 1996; Garred etal., ig97a). Hereditary complement deficiencies 
comribute to development of systemic lupus erythematosus (SLE) as have been 
Shown for cases of C1 . C2, and C4 deficiency (reviewed by Tan & Arnett, 1 998) 
Several studies have suggested MBL deficiency likewise to be a risk factor In devel- 
opment of SLE (Davies etaL 1995: Lau etal., 1996; Ip atal., 1998) although the 
roie Of MBL Is not weii defined. One suggestion, following explanations for the other 
complement deficiencies as causative agents in SLE, argues that the defect in com- 
plement fixation due to MBL deficiency leads to poor immune complex clearance (Ip 
etal.. 1998). thus pointing to mbl as a participant In maimaining homeostasis. 
Other clinical evidence suggests MBL to play an important role in reproductive biol- 
ogy. Recent reports show assodation between recurrent miscarriages and the MBL 
level (Kllpatrick etal.. 1995; Christiansen etal., 1999). 



""^^ ..n. „ 3,. 
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two-yea,.,, (va,«.a.s=r: :r 'c::^;^':-;^'- . 

As appears from the above sew«raia««», 

the natural protein. However alanffio«„/. •! ® "^^'^^ °^ resemblance to 

yninesis systems to produce such rMBL. 

SUMMARY OF THE INVENTION 

concerns ™comb.„an. mbl ^8^ '^-"on 
"""•anMBL.ownpWng the Steps oft ^° '»'"««y oocurring 

■ '"'""o™"'flaho«c«leul«,rewm,lh,e«,sl,ucl. 
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- subjecting said culture medium to affinity chromatography using a carbohy. 
drate-derivatlzed matrix, said carbohydrate-derivaozed mairtx having at least 
a two-fold greater affinity for letramere, pentamers. and/or hexamera of MBL 
aubunit than for dimers of MBL subunits. 

- Obtaining an eiuate comprising the human recombinant MBL composition. 

By a functional equivalent to human MBL is meant a molecule having the function of 
human MBL. e.g.. binding to microbial carbohydrates, mediating opsonising activity 
anchor activating complemem as may oe demonstrated by C4 deposition on a man- 
nan*coateci surface 

■me functional activity of MBL may be estimated by its capacity to form an 
MBL/MASP complex leading to activation of the complement system. When G4 is 
cleaved by MBL/MASP an active thiol ester is exposed and C4 becomes covaientiy 
attached to nearby nucleophiiic groups. A substantial part of the C4b will thus be- 
come attached to the coated plastic well and may be detected by antl-C4 antibody. 

A quantitative TRIFMA for MBL functional activity was constructed by i) coating 
microtitre wells with 1 mg mannan m 100 ml buffer; 2) blocking with Tween-aQ. 3) 
applying test samples, e.g. diluted MBL preparations 4) applying MBL deficieni se- 
rum (this leads to the fomiallon of the MBL/MASP complex); alternatively the MBL 
and the MBL defldeni serum may be mixed before application with the microUtre 
wens: 5) applying purffled complement factor C4 at S mg/ml; S) incubate tor one 
hour at 37-C; 7) applying Eu-iabeiled antl-C4 antibody; 8) applying enhancement 
solution; and 9) reading the Eu by time resolved fluorometry. Between each step the 
plate Is Incubated at room temperature and washed, except between step 8 and 9. 

Estirnatlon by ELISA may be carried out similarly, e.g. by applying biotln-labelled 
ami-C4 ,n step 7; 8) apply alkaline phosphatase-labeiied avidin; 9) apply substrate- 
and 10) read the colour intensity. A calibration oun/e can be constnicted using dilu- 
tions f one selected normal plasma. In relation to the present invention the follow- 
ing Plasma is an example of useful plasmas: plasma pool U 6.57 28/04/97 The 
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Another assay la, determining a funcBonal squKalem to MBL l. .„ h , , 
ability to bind ,0 receptor/recepto,. on pel,,. '"° 

n'^.n MBuT."^ -ptor/recoptor, on ce,„ m,y t« ant.^ ^ cy». 
the m^re ^7<^T^ ^ ~«"-"tc and .™.,y,^ „ 

^«po.«iy.,„,,rrer::rL::rr~^^^ 
^on„rs o, -^:r.r„„ir rproVrn?r^^^^^^^ ^^-^ 

m .CO.. When snals!^ b To'^^VGE JL'^r"' •"^^^ 
amodnt of MBL haL an ann^rT^ "^te""'"^"- of the 

w.*. proteln-Tt^ir/ .7^^"-'^""^^ " ^"^^^^^ 9« Gained 

3u.n.of wes.n,rr:r;U:i":r.'' ^*^"'"- " 

afflnlty chromatog J," °< carbohydrate 



0 
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Son relates to a recombinant hum=.„ 1,. ' l"™"" 

-bu„«,, .He ,l.e d^lZ pl^oTJlT"'*'" """'^ oltaome™ ..MBL 
-s,».^.„o„o,ne,u~Cir.:^^^^^ 

sists ,«a„^, ^^.^^ ™' "r^ -ono^r ccn- 

-eo..ro,,,on,e«ar,,Le.~rj~^^^ 

As to expressfon of rMBL. tha fnventlon relates to a r,«n 

" '"t^on sequence from the human Mbl n 

equJvaienuhereof, '^^'^ 9®"® o*" a functional 

■ *P™™'«"»9h'"«lffe«ntfro«„hehun,anMBLp,o„,oter.and 
- an expression vector. 

Th& expression is preferably earri^M • 
acccrdin. ,„ .He invention reZ^r::! 

'mron se<,uenc8(3) from an mbl b^^ZT,^ vector eompHsIng 

»» .«n»g.n,c anlmala aa axoreitenVr. T ™ '^^B 
Whioh Have Heen =onc«oanv m=dTe/to InrnTT " """'"^^ 
or lmam,«a or mWca HerL. """^ *' •"'™" "^L ge™, 

m««,. reoombinan, MBL el^ng aWlarly Irom ge, parmaa- 
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- preparing a gene exprBsston construct as defined above encoding a human 
MBL polypeptide or a functional equivalent thereof. 

- transforming a host cell culture with the constnjct. 

- Obtalrtno a culture medium eompHsinj human ™combinan, M8L 
B ai least so ^ laentpcal with naturally ooourtng human MBL. 

t 

- o'-Olnlno a preparation of human MBL ollgomara, 

" deS!!!'"!.""' "^"^ Chromatpsraphy using a carbohydrate- 

d.r*«t,zed matr,^ ^ c.rbohydr«e^er^,i^. matrt, Lng att^K. 



Ou, P433US0O - ApplloontT J««„,u.. j«„ 




graanr atflnlly (or tetramere, pwtamere and/„, h 



10 



IS 



20 



25 



30 



fence to rBMonlse and Mri 1 =""^"'='"9 »'° """V <» »i» immun, 

^wnMac.::2rprraZ%^rrr°"^''^^~°' 

having said functional units actino J^"*^"^ ^^'^^"^ ^ and by animais 
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«» .nv«,Uon eompHs, .g ^ coad.«o™ o. deficiency of MBL, treatment 

quoins « p.«.u,„ „ ^„ ^ 

dunna canee, treatment or In conn««on with Implantation and/or tmneplantafon of 

recuirn:::'?'"' " ~™ "--^ 

recurrent miscarriage. 

DETAILED DESORiPTION OF THE INVENTION 

I^ch^rn^ " considerable Interest to Identify compounds .hat are aotlve ,n 
such processes. An .nt«nse research within this decade has uncovered Mannan 

!:r fn rr t ^ ^ ~ - -^^^^^^^^^^^ 

activB In the Innate immune system. 

ident»=.l to naturally ooourrino t,uman MSL. as desoHOed at«>.e. 

rt^ MBL compoaWon la produced a. doaorlbed above and aubjeoted to an a«inl,y 
cn™™^«p,,y capable o,separa.n.h^l,ercl,„omersc,MBi:,rom;^^^^^^^ 



T^e culture medium oompHslnfl a variety of MBL onsomera i, subjected to an affln. 
ity ohromatography on 4 cart»lvdrate-derlvatlzea matrix. 

^tme'™ r"'*'"''"' "east two^ld areater afSnit, for 

tet^mera, pentamers and/or hexamers of MBL subunlta than for dlmers of MBL 

aubunte. ,n a preferred embodiment the oa^ohydrate-aertvattod matrtx h«, an 

lZlr°?T' ''°"'"™'""*''' MBL 

subuort. than for dimer. «, MBL. Also, the cari»hydrate<ferivatlzed matrix may 
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a:t . preremwy a, ,aa« 5:" ' '""""^ «~^« « P'efe^bly « 

'n a preferred embodiment th« . 

vourea. The n,aMx la prcta^bv a h^ V'^"" <" ""SL a« „. 

*"su« „h.„ as suohTcarnvdrr " ^ «» 

Should no, conuun any S.pha™a„,;ere7r r" ^ •-«^ 

c.ahon.ca,^yd.a.„^„,„^,,^„„::--^^^ 
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The matrix may be in any fomi sultabte tar th« ^k. 

Of baads. such ae plastic beads. <=^~"^atography. mostly !n Iho fenr 



may be TBS. Elution of MBL Is Z^Jl t ^^"'^'^ ^ '^^^ 3"*=^ 



Accorains to me Invention, tne seouencas from m. 

man MBL gen. orton, MBL ^^"^ ^ "u- 

by the use of an expression vector ZT^JT """"""-m MBL i, p,.„r^ 

p.pa.t.rne.oooa::.rr:«T:r:rcrr"~''"""''^^ 

funcuonal <ie^i>.JZ^s2r''°T °' """"" «^ 
to no f.nc«ona. c™!. ™ H'' ""^^ 

«« ,n tnre wey Man e r 7 " """^ ^' 

pared by the use of anZ^ton . ""P^^blo ,„ «,e MBL p». 

«^e hum«, MBL gene. " ^""""'"^ "™"««' 

sequences from 

fn addition to the purification method ft Is preferred th^t tn. 
.ruotan.tHehostce,,a,3ofavou.prod.ir:^^^^^^^^^^^ — - 

Accordingly, tha gene expression eonetruct preferably oom„w . . 
".uenc.fro^.a.urnanMBL.en.or.f^Crrr^rf"''™'"*^ 
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Furthermore, the gene expresefon construct may comprise at least two exon ee- 
quenoes from the human MBL gene or a functiona. equivalent thereof. More pref- 
erably the gene expression construct comprises at .east three exon sequences from 
the human MBL gene or a functronal equivalent thereof. When comprising more 
than one exon. the exon sequences are preferably aligned as in the human MBL 



Although preferred that the sequence comprises Intron sequences. It may for some 
applications be convenient that the expression constmct comprises a cDNA se- 
quence encoding a MBL subunit or a funcHonal equivalent thereof. 

The invention features the use of MBL gene expression constructs rather than MBL 
oDNA constructs for expression of rt^BL in mammalian cell lines or transgenic ani- 
mals to obtain recombinant MBL with stmctural pmpertles under non-denaturfng and 
denaturing conditions being substantially similar to natural human MBL. By Tecom- 
b nant human MBL" Is meant human MBL which is expressed from engineered nu- 
.tlT? and by "MBL gene expression constructs- Is meant an expression vector 
sui^ble for expression in mammalian ceii lines, which contains exon sequences and 
at least one .ntron sequence from the human MBL gene or from MBL genes of o^er 
ammal spec.es. such as but not limited to chimpanzees and rhesus moniceys. " 

Preferably. ,he DNA sequences encode a polypeptide sequence as shown in SEQ 
ID IMO: 1 or a functional equivalent, whereby a functional equivalent is as defined 

NO. P1 1 226. The equivalent may be obtained by a modification of the peptide se- 
quence Shown as Seq id NO: 1 . such as a sequence processing a corresponding 
property as the sequences mentioned In the present Invention, but wherein one or 
more ammo acids have been substituted with others. Preferably a functional 
equivalent contains conservative substitutions. I.e. where one or more amino acids 

.n the art of prcte.n chem.stry will expect the secondary and tertiary slmcture of the 
protein to be unchanged. Amino acids suitable for consen/atlve substitutions Include 

i Hi^rn """" '''^ ^'^""P'^' ^y'^^Phobio residues: 

a.g. glycine, alanine, valine, leucine, isoieucine and methionine may replace another 
such residue. Similariy, conservative substitutions may Involve interchanging hydro- 
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17 

""n.,, basic reduces (o.fl ly J, .1 ' " °=P"8">'=. »"«onln. and 

amino acid rescues. ° ^'^'^ «^"eh as at leas, 260 

one intron =e,ua„ca „om tt,a humTMr """'"^^ « 

^P^-es, s„c. as. bu, no. J^rXr: 

"'™'"«=c=n^,,„aan,ana„,™;:,™,"2^:"''"^-«Va»ans9Bnte 

------.u.a„...,e„etcrrj:r:r'"° 

vector, or a oh|„,ario vln,l based v^rV "^'^ " '^'^ ^ 

-„o.aao„...d.r..^a„ov.r„,C:~^^^ 

moleoula o. ,ha may be C^tllT"'"" '"^ """^^ 

BonAranalaBon conbo, oon,p,e.. for «I™r.h T.*''~''"» 
"Que™*. This chlmenc oena miy tZ« i """^ 

Vor acample. reflion El or E3. 1 1° , ? "--^-enaal reaton of B,a vlra. 9ano„» 
9 MA3P-3 gene praduot In Infeced hosB (tor example, see 



) ) 

O.™. P433US00 -Applies, ^„ 

In casKi Where an »n»,e flans o, rDM. , »q"«nc«. 
tlon Of tt,, coding =aquence h«r,r ""^ ' -^-^ 

c.u«n,,pa.aps^a\™^:rr;::Turerrn^ 

fIa1lonoodonH,ustl»inBhasawi.h .K ™" '» Furthenrwra, tt,o m,. 

^- '^s^m^. 1a3:„ni^';~7''"" ««• altera, 

Examples Of RNA virus arasamliw Forest vlnjsein*,- • „ 

Vims, Influenza virus, SVS ResDl,a,„r? vln^*. Sindbia v,ru». Poto virua, Rabia, 

.-~.Ku.,nvirua,.nrr^r:r^-^^ 

Examples of chlmetic viruses are Adeno-vlrus Slndb« • 

aderio-assoclated virus. """"^ Adenovirus - 

Incorporated by reference. '^-^'"^'an Cells-, whfch fe he,^by 

•ndudfng functional denvattves hereof ahh-. T "^^^ 
-c.edffo.oe,«aof.ruaor~:rrr:=~ 
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vector and host cells in question. 

noLT'"" "'^ '«9lon IS selected .rom . o«,p compdln, 

Bariy pmmotBr. ana elongation (aotoro alpha promoter. 

•sms. such as other viruses, yaasts and bacterfae. 

-n^lateo region oMnerno.eva,eui:ern:rZ:r:^nr ^' ^ 

:e7e;r 4r • - " — 

^l!! ZIT "^^^ »y « in moorm^o cultures 

rH=r=— ^^^^ 
rrCnrr'"'^""-'-"---"-'--—^^ 

lirr"' ""^ '^"'"''insn, IVI8U Which IS a fo-n, of mbl 

cen culture. A preferred host cell culture Is a culture of human Kidney cell. 



■) 



our-. p-3ausoo.^„,«„, ,,„^,. ^ 



"s, „ne ...rtved .■«,,y..n JL»„ " 

MOCK. W138, aM NIH 3T3 cl ' VERO. H.La, 

In addition, a host 

P'olem. Different host cells have cZTXm 

whfch possess «,ecB»u„r.a^J:r^::^- ^^^--V^-c hos> ce,« 
OWlatlon. and phospnoM«o„ oTthl^ ' •"'^'^ "»"-«P'. 

'nallancell.ypas.ls«<,abovraLa^„:r'':'^""™^^ 

eells, ^ that could serve as su'rtabte host 

in another „p„t the present Invention provides MEL «,., , 
nantDNAteohnoloflvineo m.™.,- , P"*«™« by recomb). 



) ) 

NR. 208 



Furthermore, the invention relates f« .h 

^e'«es to the synthesis of M8L by 

(a) preparatfon of an evrira^^,^ 

an expression eonstruet ontsows^^ i. 

irucT ©needing human MBL; 

■'^ (b> tranaformation of a ei.ta«,^». 

*nrty chromatoB„p,y as desorttadlboT 

> insulin, transfer- 
"sy th, us. Of matrices OerivatlasM «,«h 



) 



) 
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1.1^ ' «ert>««..»d as dBsc„,»a a»o™. such a. w,m man- 

^esroe „ «„,„ariv .o natural MBL b m^,^ to be mo» «,an S0% In^Jl 
known in the prtoran, sea e.g. Ma ««,. (1097, " meseias 

PuiWted recombinant MBL Is In this oonteM to be „nrt.™^ - 

punned ^ cer, cu,tu« -PematanJ^Trornur.^Cuarrr"''^ 

<^ by use 0, carbohydrate affinity JJZZZ 

The p««s. of botatlnB or purlfyino a oomppsltlon c. human MBL oltaom.,^ havino 

:z trr "^^^ ---^ — « ^'-^ 

- obtaining a preparation of human MBL ollgomen:, 

- au^ecting said preparation to afBnKy chromatography using a carbohyd^te- 
aZ^ .T ■ -""^^''^-'^-'^''vati.ed mat., havlna a tJ^^^r 
afl^lty tor tatrama... pantamar. and/or h«cam,« o, MBL «,a„ ,or dim.™ ^L 



• Obtaining an eluat. compdsing the isolated human racomblnan, MBL oomposhion. 
T1» preaen. invention provides a novel torm of recombinant MBL composition com- 
at least 50 /. Identical ,o me size aistrtbuUor, of naturally occumng plasma human 

^70 V 'T'""" -° ^ 

id.„Lt . , ^ ° " W.ntlc.1. such as 8, % 

■dentioal, to naturally occunirnj MBL Is pnivldod. « w A 

«d,or became-, are dominating the composition. Thus, In «,e composWcJ, the ratio 
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in a pmtarrad embodimem. the ralio « me .urn « tebsmer., p.ntam« and h« 

rir^ir " -"-^ " ---^ « - . ^'X" 

When B«lma«no me size d«WDu.ion of ma o.,gom=rs o, me mbc conpo.It.on the 

seen that so % means that more man 50 % of m» rMBi i, 
we.»h.h.he.ma„.„0.e,^nenred'';rs::^ra;r^^^^ 

K - " *"'"'«°8™P''i'. " .on-exohanga oh«,ma.og- 

means of affinity ohromatoaraphy as dtecussBd above. >ure medium by 

iiiTc^i^^r:;'!,:! — •^"^••^ .he 

i. 1 ? . pl«>ma or serum f^BL. In the present context the funtaonallty of MBL 

o*, ertvrty of MBL, auoh a. „„Bs of MBL activity per ng MBL The functionality the 

TsTtr "^'r^'^ " " -.vlty ,s preferlly « It 

25^ ofme spBc„,c actMty of MBL purged mm, sen^n., such a. at leas. SO « of the 

apBCdlo aotiviv of MBL purified from sen/m. 

The K,Bt. composition accoroins to the Invention substantially free from any Impu- 

Tl r« . ''^'"'^ purmed mm, son„„ 

MBL "'"^'^ ''^ " « - - 
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The aiuant obtained from the afflnlly chromatography may be used as such for pre- 
paring a pharmaceutical composition, or the eluant may be subjected to further puri- 
fication steps before being used. 

5 The MBL composition obtained by the present Invention may be used for the prepa- 
ration of a pharmaceutical composition for the prevention and/or treatment of vari- 
ous diseases or conditions. 

In addition to the MBL oligomers, the pharmaceutical composition may comprise a 
1 0 pharmaceuticaily acceptable carrier substance and/or vehicles. 

In particular, a stabilising agent may be added to stabilise the MBL proteins. The 
stabilising agent may be a sugar alcohol, saccharide, protein and/or amlno-acids. An 
example of a stabilising agent may be albumin or maltose. 

15 

Other conventional addrtivBs may be added to the pharmaceutical composition de- 
pending on administration form for example. 

in one embodiment the pharmaceutical composition is in a term suitable for injac 
20 tions. Conventional carrier substances, such as isotonic saline, may be used. 

In another embodiment the pharmaceutical composition is in a form suitable for 
pulmonal administration, such as in the form of a powder for inhalation or creme or 
fluid for topical application. 



25 



SO 



Tne present Invention is based upon the synthesis ot a novel form of recombinant 
MBL. which form is oloeer to the natural human MBL than achieved up till now and 
which can be syntheslsed by use of In vitro or In vivo technology. Based upon the 
evidence for the important role of MBL In the Immune defence, this provided form ot 
recombinant MBL offers the surprising possibility of treatment of conditions such as 
cancer and of Infections in connection with immunosuppressive chemotherapy. The 
structural dlfferencBs between the previously reported preparations of recombinant 
MBL compared to the natural form of MBL made any such treatment unlikely. Also, 
the application of rMBL similar to natural MBL In said treatment represents a great 
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advantage over the application of knnwn k>ie» • 

disease or condition lo occur. """^nt but may be used to prevent the 

oon,p.»8enetanvanxco„dllncorecrn2 u^:^^^^^^^ 

:=.rar::— — 

Of cancer ctTn^"!'^!!?"' "^""'"""^ "BL, treatment 
•"CU.,„, ,„ par^c^^™ tZr:;:'^ ^-^nosuppreas.e chen^erap. 
duHnp cancer .rea.n,en, J^^^'ZZIZJ: 

organ,. Th. mvantion alao cor^,iSlTZy, T '""-Pla-tation of 
'eeurrent misoarrlafle. ^ °' 

«at«, with hu^n ■•n.ZZ:T^;Z::Z'Z " '"""°™- 
acquir«J Immunoaeficlencv Mn« ! ""'v"'^'' wHh consenltal or 

defclency. Mere pa,t«ulariy, ch^nic Mammatory demyeNnatins 



r 

) 
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H,«un,a«,d am.*; Autoimmune n-uCI aI^T^^^ V""^?™' 

Neutropenia; Crohn', «sease, CoKtls^^^,^ ^ZT 

»h<^ synun.n,a, Chronic ,a«gus syndrr^oHS^ Toxl ZL -"^ 

At<«=h „„d,!me 1 Z tm~ 

mulilpte myeloma Aci^ and ^nT T T ""'^^'"^ C"^) 

>«.o.en.o ™r'.r::,x:itCKrr:r -'^"'^ 

Barre's syndrome ^' ^^^^^^^^s disease, and Gulllan- 



The route of administratton maybe any suftahia r«..te » u , 

musculary. subcutanously or intradeZnr lnt«n«nous.y. intra. 

envisaged by the presentZron ' " ^'^'^'^ 



It appear© that cancer patfents treated hv r*h««^*u 

infection due to adverse effectXe h1 '= 

rror~-"-— ^^^^ 



) 
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2lT^T7'^'""' oompositten may thus bo administered for a period before the 
onset of administration of chemotherapy or the like and dunno i ♦ 
chemotherapy. Py°^»'^«"'<eanddunngatteastapartofthB 

The M8L composition may be administered as a oeneral "booster- before chemo- 
therapy, or it may be administered to those only being ax risK ot deropint MBt 
def.c.ency. The group of pariams being at rtsK may b« determined be meLIg the 
MBL ,«ve. before treatment and only subjecting those to treatment whose MBUevei 

Idtr rr""'"' "^^ « - evaiu- 

ated to be below 500 ng/ml for most groups. The MBL .eve. may b« detemiined bv 
time resolved immunofiuorescent assav ^ d««^n-KoH • ^ oetermined by 

nephelometry. ^""^'^ ^^"""^ ^' or 

Another Indication for administering MBL is wh«n the MBL level is below SO of the 
normal level, such as below 300 ng/ml. or below 200 ng/ml. 

The MBL composition Is administered in suitable dosaaerenimpo In . , - • 
3. a, „ ,„.e^. ^. cn»TZ::e:~r ; 

JWMy from 1-100 m„ Is adm,n,s,e«l per dosags, sud, a. from 2.,o rpg, n™,K, 
f«»n s.,0 por do«9,. Mo«>y ,bou, 0,1 „^ body weN,h, i. .^rrtntetoL 

IST^^r n"""""* MBU. deluding rMBL. fragments or 

^na 0, 0 t,^, n«H»mu«on. enhancing and/or «,mu,a«ng opsonic and/or 
>»ete,«,dal aowity ot oomplemen, .y«em. u. enhancing me abWty o.«,eTr 
mune defence to recognlae and kill microbial pathogens. "<l""»'«in, 

3*on accord,ng ,0 ,ho p,«ent InvanSon In a Kit-of-parta further comprteUrg anoth^ 
~aa~ ^ - - - ant^m^ Jm,d^. 



■) 



) 
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^ns«u«on Of «,« MBL (.vel by «m,n,*a.to„ o, recombioan, MBL in », J 



.ho^r , ' ""^^ " »»t In It, broad asoect 

« enhance .p.a,« by .acrcpHasee e.»»„n«ugb <«rec„™.^o„ ^ 

«ion on in. tt,a« .urtaoe. A particular example hereof la MBL a frMmen. 1 . 
m^c he,eo,J.a presen. Invanta is basa. upon me d.c^«u» a X : o, a 

=irb7.:z7;rr,.=r^^^^^^ 

non^ngaxaaiplasofprafaoBdembodlmanis. ''^^^<'^ 
BRIEF DESCRIPTION OF TOE FIGURE 

Rgura 1 anowa purtlled recombinant and naBv. MBL eompared analyaed In the no„ 
n9«^BLproducadlnS:=/0A.,.Xup;:^^^^ 

iz" -^^ ^^^^^^ 

the diaullide bridoafal^ ' « alsnlficant dWerenc. In 

th. diaullide bridge fbm,at»n of the .« rt«BL aubunlts. ( As diacuaaeo m B«n,piB e 

t^pncKa construct as discussed In Example 1. 
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Rgu« 5 Shows a Wsstem blot of two or=„™.- 

Super ,892 " «"«.ng to .Hs method *sc«bs<, by 

-esc^bs. by u s,a, (^^^J^^^^'^' hurn^n sentn, as 

EXAMPLES 



EXAMPLE 1 



^^"'"^'^BLssn. expressmen cons^. 

,.>e„ (- 6 M, Nac, s„,u,to„ "'"J S"""' ^9«on. 2 n,L of a aatu- 

^movea by cantrifugatlon at loooxo iZ^r^i"^'""' «» 
and the «a, was ge„«y shaKsn ^"^^ ^ '° --^n^tan, 



) 
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TAACaaalCSACTCOflATAATACATAOA^ „ , 

Th. .OHM ana ami-sonse prime™ tonln . k '""™'^)- 
"•action condiBon^ for the Pen II, ! ! *' ^' »=PBc(lve,y 

. fin., vo,un,a Cso^L. C^r«,ZT """"""^ ""^ 

ment « ao 3 per cycis, followed by . flr^ij^. ^ « ""^^ 

pcna vector by uas c, *a V^^'Z-t!!'"' ""^ ' " """^ 
Na^daMs) was carried ou, a^I„ o mtt™' f '^^^ '-^"^ ™« 

(e«.„„, ,544,-025 i 1S20?-SL ein?* "^"^ «a-«H, 
■n " appropriate b.^.,. The ,„„„ ""^ ' - « »^ 

V009-50, invitroaen, was dls^tad rd^i^b^r in ""^^^ vector (oat.no. 

buffer at U strength and 20 u^'J^t , ^' '•■~**'°^-^"'H'-3', «9a«on 
Ba«rty, MA. taction buffer supplied Crnl^T;™' 

":"^-°---,nade,rTna:Co::^::^:^,^^7---c... 

end transformed with the linatinn r. . ""'PSient by CaCfg permeabKising 

(«=3,. Th, baotenrret^TorrrrTr " 

a^ptclllnM^. and oolonio, appeared aner'^^lZtoXTT" 



) 



) 
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pn-n„« ^ black with arrow,) part of th, Met acno eonteined 

»» *«.r axons, Inducang .r«,™ Known a' umransuted o, oxon 4 as ds,erm,n, , 

p(«P8, « the A/«l «,d Bam HI .rvionudeas. r.«rtellon aitoe (.he aoRV XM 
y, X^. C«. and sad .^UMon .ndonuCaaa, ,«aa n .he ve^o T 

'Z. p™'^p "''Tr'* '^'^ 

repeat promoter (P^i located upstream .o the elonlna eits (dIrecHon o, »h, .ran- 

scnpMon for elements of »,e vector are indicated wItt, arrow h««te, and with a Sim. 
rc~ l'„TcLr""~ ^ ^ " ^'^ o, 

(O;^^,! r ^P^-'-B-- vims origin of repjcallon 



EXAMPLE 2 



Expression of recombinant MBL In mammalian oells: 

HEK 293EBNA calls, grown until confluence In ISO cm^ flasks (cat no sorn ti.= 
Aa, ^n»,„,„« a„.„ supplemeJ^^r r P^^r 

un«s pen.„„„ and 0.1% (w^ streptomycin,, wen, harvested .,yps,„a«o„ and 

was renewed. In a total volume of ie80;,L, eo«a of »,e MBl/pREP piasmW DNA 
(relerence ,s made to Example 1, was mixed wHh 150 mM NaO, 1 mM EDTA ,0 

n™ rrts-Hc, <pH ..,a), aea m„ caci,. me o«a. c«cum soiuflonl^:;! 

H r it r ' ''•-"«'«-NaH,P04 adiusted to 

PH r.ia. The cells were incubated for 14-16 h wHh .he 0NA/Ca.pO4 preoipittte 

«.) supplemented with alutamln. anttblo«cs (penlclliln end sUeptemlin) and Insulin 
transternn^lenlum (ITS, solution (calno. 51300-44. GibcoBRg foTw T 
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EXAMPLE 3 



Puntication of rMBL by use of cartonydrate^erlvatlzlsed matrices. 

ir— ^^^^^ 

oenvaiized Deads. Sepharoso 4B (cat no 17.oi9nni d^, 

den) beads w^ara derlvatlzBd with mann" J ' Pharmacia, Uppsala. Swe- 

>n Exampl. A, loading 7 ng of puriflod by man,«a,.TSK bca<b mannan C 
Figure 4. ^® Western blot is shown in 



EXAMPLE 4 



) 



') 



Our reh P433US00- Applicant: Jensenlu3. Jens Chrtstlan of a/. 



33 



01 , Pharma«») equilibrated In S mw 6DTA. TBS,0.01% (v/V) TWeen-20 fH 7 -II i 
^P-e ™,ume Of ,00 .L wa= pa««, over.,. co,u™ 1 . .rro^o 5 
mumin. Pracons were oo,,eo,e<. 5 mLpos,ean,p« ,„j«„oo ,„ 



EXAMPLE 5 



tone Bjn^i r ^°^ 100 nil- SO%(vMfloe. 

:s::r~r;:~— ^^^^^ 

-es in H20. The gel „ae developed by l^ubaUng o.,9 Na^co, 0 9% (vM 
formaldehyde. 0.B7 mM NajSzOa (or aoorox a n,i„ tk . 
hvino..K..- '"'•'''""<■ The precipitation was Slopped 

by incubation of the gel for 3 mln in 19i (v/v) acelfa aoia - 

"lhanol, 3% (v/v) slyeerol. ""'"^^ W 

EXAMPLE S 

/vnalysls of rMBL by SDS-PAee followed by Westem blotdng 

used ,„ elecdphoree. as .^^^^ ^ - 
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<*uced In HEK a93EBNA cells /n«.««,--. 

vrere Uockaa Incubating tne memBBnr„,rn' '^"'"'*'~''«' """teln Interactions 

- " MBu, tn, ™...L irr LTw^'i^r r r 

«»lnat Human MBL (Hyb tsi-i st... ^ , """""^ "'«»<'y ralsM 

QB>wany) at HT. Ada, 3 washes In T^'rr T ™ "'"^'9. 

bated With HRP coniu9.t«, J^t^V was inou- 

developed v.i,n PWa '"-^^-"^ 

-0. P.^. „ ~»na.. 

EXAMPLE? 

An^yal. cf rt«BL by ,e, pe™a«o„ cn^matos^phy 

r~re7rciTrmrr^^"''"™-^^^^ 

0»37^., Pnannaca, aqulilb^^s "^0- 
7.4). A sample voiun!. 1 10o7i^^JZ'^Z° °"^ ^"'^""^ 
was passed over the column w^»,' T ^ *> 100 ns of rMBL or natural MBL) 

-Lpostsa™p,a,„;^r:ru2Tr;°rc^-^^^ 

CTn..=«M. as aeecnbedt iaZTe ' '^'^''^ '^^^^^^ 



EXAMPLES 



Analysis o, ,mbl by a Hm..«sc,ved immuno«uo,ome.rte assay HBIFMA, 
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F/ourosorpTMmlerotJtre plates feat no A-aToco i.. 

coated o/n w«. 100^. (PTwiT^';^"^; 1" 1=^::'""' 

standard eenim with a knol mo, "^S/T-w. A 

«.u«ons w„n du^ca^w™f^rlT " " 

-ra. on. with a high con o^rL^j ZbI^^ 

centratlon o< IVISL (250 no MBL/mL, , ! ^ "'^<«""' 

cient Bsn^n, was likawisa dilutad 20 fold and ^I!!^^^ 

control, culture .upernatanta. oithTpBS ^ ^ ""^ ^ " "^^^'^ 

oally d«uted ao and 1 oo fold aZ, / ? "° " ^m-1re,. we„ fi,p,. 

■xeaaurement o» bound auroo Lm w. ' ''"'^^ °^l>^ and 

*n,e ra»^ In^un^'rrlT.: 

1993). ^ ^ desontwfl alsawhara (Hemmlla « 
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